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Abstract 
The steady consideration of requirements during the development of new products remains one of the most difficult and challenging tasks in 
every development process. Within these considerations, quality criteria are existing for the structured formulation and documentation of 
requirements in requirements lists. Existing approaches focus on the completeness of requirements during the product development process. 
But contrarily, the effectiveness and efficiency of product development processes are mainly influenced by a structurally conducted and 
systematic requirement acquisition and requirements documentation to form a reliable base for the entire development process and to support 
development of optimised products in special applications. 
The paper presents the results of a systematic literature analysis of existing quality criteria for the formulation of requirements. Often, quality 
criteria are not assigned with precise definitions for a clear conceptual understanding. They allow a large room for interpretation, for which 
reason they cannot be used as a uniform base for a systematic requirements documentation. 
However, quality criteria are partially competitive and even occasionally contradictory. Every developer who is involved in the acquisition and 
documentation of requirements is lost in the inscrutable jungle of quality criteria. In addition, the quality criteria are unstructured according to 
their content and formal structure. 
Furthermore, the paper offers a systematic and critically reflected reduction of existing quality criteria for the formulation and documentation of 
requirements that are differentiated according to content and formal structure of requirements. The paper provides a compacted spectrum of 
quality criteria without synonymously used quality criteria, underpinned with a differentiated conceptual understanding and prioritisation of 
each relevant quality criterion. Thus, a valuable base for the formally supported requirements documentation in the requirements list is provid-
ed. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the CIRP 25th Design Conference Innovative Product Creation. 
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1. Breaking new ground through the jungle of quality 
criteria 
Requirements form the initial base in every development 
process. They guide developers through the development of 
technical products aligned to the fundamental wishes and 
expectations of customers that are formalised as requirements 
in the language of developers [1]. Therefore, requirements 
describe on the one hand what developers should do, but on 
the other hand not how they have to do it in order to develop 
new and innovative products [2]. A clear and systematic task 
clarification provides the base for a successfully completed 
product development [3]. 
Unfortunately, a uniform understanding of how to formu-
late requirements and how to document requirements does not 
exist. Misunderstandings and aberrations during the product 
development process have to be avoided. However, quality 
criteria exist for the effective formulation of requirements, 
whereas existing approaches focus only on the completeness 
of requirements [4].  
At this point it seems clear that every developer should be 
grateful for each quality criterion concerning the formulation 
and documentation of requirements. Unfortunately, more than 
one hundred allegedly different quality criteria exist for the 
documentation of requirements. Even the best developer may 
be lost in this vast quantity of quality criteria. 
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1.1. Benefits by clearing the jungle of quality criteria 
Different authors propose a variety of quality criteria for 
the structured formulation and documentation of requirements. 
However, fewest quality criteria are subject to a substantive 
meaning. They are not assigned with precise definitions which 
allows a large room for interpretation. The current understand-
ing requests the complete fulfilment of each quality criterion 
to guarantee a qualitatively well formulated and documented 
requirement. Above all, quality criteria are used synonymous-
ly, have overlaps in their contents and are partially contradic-
tory to each other. Therefore, a systematic reduction of exist-
ing quality criteria is needed 
x to provide a compacted spectrum of quality criteria,  
x without synonyms, 
x without competitive and contradictory meanings, 
x by having a differentiated conceptual understanding 
x of each prioritised quality criterion. 
As a result, goal conflicts between requirements are solved 
much earlier, for which reason the effectiveness and efficiency 
of product development processes are significantly increased 
by qualitatively well formulated and documented requirements 
according to applied quality criteria. 
Section 2 presents the results of a systematic literature ana-
lysis of existing quality criteria. The section additionally pro-
vides a distinction of quality criteria for the formal structure of 
requirements from quality criteria that are focused on the 
content of requirements. Section 3 systematically reduces the 
huge amount of quality criteria to the most important ones and 
presents a differentiated conceptual understanding for each 
quality criterion. The ontological summary of existing quality 
criteria according to their substantive meaning is based on 
semantic and linguistic comparisons. This section also con-
tains a prioritisation of the most relevant quality criteria for 
the documentation of requirements. Conclusions in Section 4 
summarise the main results that are achieved in this paper. 
2. An insight into the inscrutable jungle of quality criteria 
for the documentation of requirements 
Quality criteria should support developers during the defi-
nition and formulation of requirements. Unfortunately, a huge 
amount of quality criteria exists in literature. This vast quanti-
ty of quality criteria leads to a critical confusion of developers 
during the formulation and documentation of requirements 
which is why most requirements are incompletely documented 
and present in unsuitable patterns. As stated by ROOZEN-
BURG/EEKELS, the documentation of requirements has to be 
designed itself before anything can be documented [5].  
Most authors define different quality criteria for the formu-
lation and documentation of requirements. No developer may 
be able to incorporate the entirety of quality criteria during the 
formulation of requirements, regardless of the contradictory 
and synonymously used quality criteria. The analysis shows 
that two types of quality criteria have to be differentiated: 
quality criteria in form and content. 
2.1. Quality criteria for the content of requirements 
Table 1 shows each quality criterion according to the respec-
tive authors for the documentation of the requirements’ con-
tent. 
Table 1. Quality criteria related to the content of requirements 
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accurate  y          
achievable    y        
adequate 
innovation  y          
ambitious    y        
analysable      y      
clear  y  y     y   
comprehensible     y       
concise      y y     
considerable 
during evalua-
tion 
     y      
consistent   y     y y   
continually 
revised y           
controlling 
risks  y          
correct  y y  y       
current           y 
detailed      y      
easy to under-
stand         y   
feasible     y       
measurable          y  
non-redundant       y     
not duplicated  y          
precise          y y 
state of the art  y          
unambiguous  y y y y   y y y  
updated y           
valid       y     
verifiable   y         
without conflict     y       
 
CHAKRABARTI states that requirements have to be continu-
ally revised during the entire development process with the 
aim of an updated [6] and current [15] requirements docu-
mentation. EDER/HOSNEDL stress in their considerations that 
each requirement in the requirements list should remain an 
adequate potential for innovation of the technical solution 
while incorporating the state of the art with a controlled risk 
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in the development process [3]. These quality criteria empha-
sise the economic view on the product development process. 
Furthermore, requirements should be accurate, clearly formu-
lated [3,8,13], correct [3,7,9,10] and not duplicated in the 
requirements list. The authors highlight the unambiguousness 
of requirements [3] so that each requirement is unique based 
on its formal composition and content. Unambiguous require-
ments are also focused as one of the most important quality 
criteria in [7,8,9,10,12,13,14]. The IEEE STANDARD 830-1998 
originates from the software engineering view on require-
ments for standardised requirements documentation. Accord-
ing to the underlying standard, requirements should be con-
sistent - see also [12,13] - and verifiable [7] to continually 
prove the fulfilment of each requirement in the development 
process. LINDEMANN stresses the relation of achievable re-
quirements to ambitiously formulated requirements to reach 
the highest possible objective [8]. PAHL/BEITZ refer to com-
prehensibly formulated and documented requirements that 
focus on the main development task and are easy to under-
stand [13] so that stakeholders develop a common understand-
ing while each requirement should be feasible and without 
conflicts to other requirements [9,10]. According to 
PONN/LINDEMANN, requirements should be analysable, con-
cise and detailed enough for being considerable during the 
evaluation [11] of different technical solutions on appropriate 
concretisation levels in the development process. ROOZEN-
BURG/EEKELS refer, in analogy to [3], to non-redundantly 
documented requirements that are valid [5]. ULRICH/EPPINGER 
suggest similarly to VDI GUIDELINE 2221 a precise documen-
tation of requirements [14,15] to avoid misunderstandings and 
aberrations during the development process. Furthermore, 
requirements should be measurable [14] to enable the use of 
appropriate testing methods for the verification of the re-
quirements’ fulfilment. 
2.2. Quality criteria for the formal structure of requirements 
Table 2 shows each quality criterion according to the 
respective authors for the formally correct documentation of 
the requirements’ structural composition. Thereby, the 
completeness of requirements stays in focus, as it is one of the 
most frequently mentioned quality criteria in [3,5,7,12,13,14]. 
This relates partly on the one hand to the idealistic scenario of 
capturing  requirements in their entirety and on the other hand 
to the best completed structural composition of requirements. 
Since the completeness of requirements is most unlikely, 
CHAKRABARTI refers to a reasonable complete requirements 
documentation [6] and alleviates this quality criterion. 
Furthermore, the formal structure of requirements should be 
revised and workable [6]. EDER/HOSNEDL emphasise the 
process capability - stated as operational and 
practical/practicable in [5,14] - that requirements should 
fulfil to be steadily considered during the development 
process. A pragmatic view is highlighted. Therefore, 
requirements should be classified, explicitly formulated 
according to a formalised schema, organised and qualified 
[6]. Most important, requirements should be quantifiable 
[6,8,9,10,14] and solution independent [6,9,10,14,15] for 
providing strict instructions during the development process 
without being fixed on specific solutions. The IEEE 
STANDARD 830-1998 as well as [12] refer to the possibility of 
modifying requirements [6,12] so that requirements may 
change during the development process while considering 
their ranking for importance and/or stability [6]. LINDEMANN 
is the only one who focuses on the positive formulation of 
requirements [8] to encourage the development of new and 
innovative solutions by avoiding demotivating predications. 
PAHL/BEITZ request easily alterable requirements that are 
documented and formulated in natural language with no 
linguistic deficits [9,10] so that every stakeholder may 
understand the requirement. VDI GUIDELINE 2221 refers to 
this quality criterion as requirements that are formulated in the 
editor’s speech [15]. Furthermore, requirements should be 
shape influencing and solution influencing [9,10] which 
seems contradictory to the solution independence axiom in 
[3,6,8,14,15]. This is only apparently the case, as 
requirements lead according to the continually ongoing 
concretisation of technical products sooner or later to the 
significant definition of specific product properties. Since not 
every requirement is of same importance, they should be 
prioritised [9,10,11]. Despite these quality criteria, each 
requirement should be traceable [7,9,10,12]. 
PONN/LINDEMANN focus on the administrative view of 
requirements. Thus, requirements should be documentable, 
respectively extensible [11,12], identifiable, maintainable [11] 
and structured [11,12] in their formalised composition. 
Furthermore, according to [12], requirements should be 
sortable and documented with reasonable extent. 
Table 2. Quality criteria for the formally correct documentation of require-
ments. 
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capable in 
process  y          
classified  y          
collectively 
accessible        y    
communicable      y      
complete  y y    y y y y  
documentable      y      
easily alterable     y       
explicitly 
formulated  y          
extensible      y  y    
formalised  y          
identifiable      y      
in natural 
language     y       
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in the editor’s 
speech           y 
maintainable      y      
metric and 
value          y  
modifiable   y     y    
no linguistic 
deficits     y       
operational       y     
organised  y          
positively 
formulated    y        
practicable       y     
practical          y  
prioritised     y y      
qualified  y          
qualitatively 
significant        y    
quantifiable  y  y y       
ranked for 
importance 
and/or stability 
  y         
reasonable 
complete y           
reasonable 
extent        y    
revised y           
shape influenc-
ing     y       
solution inde-
pendent  y  y      y y 
solution influ-
encing     y       
sortable        y    
structured      y  y    
sufficiently 
open y           
sufficiently 
restricted y           
traceable   y  y   y    
weighted           y 
workable y           
3. Bringing clearness into the jungle of quality criteria 
As recognised in the previous section, most of the above 
mentioned quality criteria are synonymously used or contra-
dictory to each other. This leads to an unnecessary confusion 
during the formulation and documentation of requirements, for 
which reason many requirements are intuitively documented. 
A systematic and critically reflected reduction of quality crite-
ria is needed. 
3.1. Systematic reduction and ontological summary of quality 
criteria 
Figure 1 and 2 illustrate the systematic reduction of synon-
ymously used terms and the elimination of contradictory 
quality criteria, respectively for quality criteria in form and 
content. The quality criteria are ontologically summarised 
according to their substantive meaning, based on semantic and 
linguistic comparisons. To ensure conceptual consistency and 
clarity, the respective terms of the relevant quality criteria are 
highlighted. 
 
 
Fig. 1. Ontologically summarised quality criteria for the formulation of 
requirements related to their content 
The terms accurate, clear, concise and precise mean the 
same. They emphasise the main character of a requirement: 
Bringing complex information resulting from different 
sources to an essential point with a high degree of clearness. 
A clearly formulated requirement reduces the risk of misin-
terpretations, for which reason a clear requirement correlates 
with the quality criterion of comprehensibility. Each require-
ment should be comprehensible for the involved stakeholders 
in the product development process. A common understand-
ing reduces the likelihood of wrong decisions and minus de-
velopments. Thereby, requirements are unambiguous. Each 
requirement is in its content unique and distinctive from other 
requirements. As the fulfilment of requirements has to be 
proven during the development process and as requirements 
provide the base for every decision in the development pro-
cess, it is important that requirements are measurable. Mean-
ing their fulfilment should be checkable via testing methods. 
However, unrealistic requirements impede the development 
progress. They should be on the one hand feasible and on the 
other hand ambitious to reach the highest possible develop-
ment goal. Besides to changing surrounding conditions, re-
quirements have to be adapted to actual decisions in the de-
velopment process. During each development process, new 
requirements have to be considered as the technical product 
gets concretised. This leads to the demand of current re-
quirements. The consistency of requirements should be 
achieved, although there may be conflicts between require-
accurate
clear
concise
precise
analysable
verifiablemeasurable
valid
achievable
feasable ambitious
comprehensible
easy to understand
state of the art
updated
considerable during evaluation
current
continually revised not duplicated
unambiguous
non-redundant
correct
detailed
controlling risksadequate innovation
without
conflict
consistent
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ments that have to be solved. Conflicts between requirements 
do not affect their consistency. Ideally, requirements are doc-
umented and formulated without conflicts which is unrealistic 
in nearly every development project. The major challenge 
relates to the earliest possible discovery of target conflicts 
which has to be faced with as little effort and expense as pos-
sible. Each requirement should be correct in its expressive 
content and detailed enough so that decisions in the develop-
ment process base on a stabile foundation. 
 
 
Fig. 2. Ontologically summarised quality criteria for the formulation of 
requirements related to their formal structure 
To satisfy customer needs and their demands it is crucial to 
know how important the realisation of each requirement is for 
every stakeholder. Therefore, requirements should be priori-
tised. Even in the smallest development projects, developers 
have to deal with a large number of requirements. Since re-
quirements may result from different sources, like processes in 
the product life cycle or normative rules, they should be clas-
sified according to an appropriate classification schema that 
supports a reasonably complete requirements documentation. 
Each requirement occurs within a structured space along with 
other requirements. Requirements should be documented in 
written form, since they build the uniform base for every deci-
sion made in the development process. Furthermore, require-
ments may change during the development process. To guar-
antee an unambiguous differentiation of each requirement, 
they have to be traceable, practicable, quantifiable and explic-
itly formulated. The terms solution independent and shape 
influencing as well as sufficiently open and sufficiently re-
stricted seem at a first glance contradictory, since they postu-
late on the one hand that requirements are formulated without 
contemplated solutions of the technical product and on the 
other hand that the specific shape of the technical product is 
defined. However, requirements lead steadily to the definition 
of solutions during the ongoing concretisation of the technical 
product. Therefore, they should be sufficiently open. 
3.2. The main 22 - How to formulate requirements according 
to the essential and prioritised quality criteria 
Well, until now we know the main 22 quality criteria that 
well formulated and documented requirements should fulfil to 
guarantee a successfully supported development process. But 
these quality criteria are, in accordance with the common 
understanding in literature, without special meaning.  
The analysed quality criteria are not assigned with precise 
definitions. They allow a large room for interpretation, for 
which reason they cannot be used as a uniform base for a 
systematic requirements documentation. Each developer may 
interpret quality criteria in different ways. This is one im-
portant aspect, since the processes of requirement acquisition 
and requirement formulation/documentation should be han-
dled flexibly. Therefore, the following definitions may be used 
as guidelines during the formulation of requirements to sharp-
en the understanding for qualitatively well formulated and 
documented requirements (see Table 3). 
Currently, the entirety of quality criteria has to be com-
pletely fulfilled to provide requirements per definition. But 
this is not the case. The number of quality criteria and their 
different interpretations for the documentation of requirements 
suggest that not all quality criteria are equally important to 
provide qualitatively well formulated requirements. Some of 
the above mentioned quality criteria have to be fulfilled com-
pulsory for ensuring an effectively and efficiently performed 
product development process. Others, however, can be more 
or less satisfied which affects the quality continuum of the 
formulated requirements. The more they are satisfied, the 
more effective and efficient the product development process 
will be performed. Hence, each quality criterion is prioritised 
and marked graphically as follows: 
z has to be completely fulfilled 
 should be best fulfilled, but not necessarily 
Table 3. Prioritisation and conceptual understanding of quality criteria 
Quality criterion Definition 
ambitious 
 
Ambitious requirements are challenging for product 
developers to reach the highest possible innovation 
potential. Despite ambition, requirements should be → 
feasible. 
clear 
 
Requirements are clearly formulated, if they are re-
duced to the most important information that is neces-
sary for drawing conclusions to product properties. 
comprehensible 
z 
Requirements are comprehensible, if every stakeholder 
in the development process is able to interpret the 
requirement → unambiguously. 
consistent 
 
Requirements are consistent, if they fit into the unified 
pattern for requirements with respect to the their formal 
structure and their content. 
correct 
z 
Correctly formulated requirements cover expectations 
and wishes of stakeholders truthfully. 
complete
extensible
reasonable complete
reasonable extent
structured
easily alterable
identifiable
maintainable
modifiable
revised
traceable
prioritised
ranked for importance
and/or stability
weighted
qualified
qualitatively significant
metric and value
quantifiable
solution independent shape influencing
sufficiently open sufficiently restricted
capable in process
collectively accessible
documentable
communicable
operational
workable
practical
practicable
no linguistic deficits
positively formulated
explicitly formulated
in natural language
in the editor‘s speech
formalised
classified
organised
sortable
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Quality criterion Definition 
current 
z 
Requirements should be continually revised and 
aligned to the current ongoing concretisation of the 
technical product. 
detailed 
 
Detailed requirements have the highest possible infor-
mation content with respect to the desired product 
properties. 
feasible 
z 
Requirements are feasible, if developers are able to 
transform the respective requirements into product 
properties during the ongoing concretisation of the 
technical product. 
measurable 
z 
To ensure and to control the fulfilment of requirements 
during the development process, the quantitative and 
qualitative values of requirements should be verifiable 
by using testing methods in accordance with the availa-
ble information. 
unambiguous 
z 
Unambiguous requirements are leaving no room for 
equivocal interpretations. They can be uniquely trans-
formed into product properties. 
without conflict 
 
Requirements should not be contradictory and mutually 
exclusive in terms of their content. 
classified 
 
For reaching a reasonable complete requirements 
documentation, requirements should be classified 
according to an appropriate classification schema. 
documentable 
z 
Requirements should be documented in written form to 
track the released status of each requirement. 
explicitly for-
mulated z 
Requirements are explicitly formulated, if they do not 
include implicitly hidden information. 
formalised 
 
Requirements are formalised, if they follow a uniform 
formalism that may be adapted to the particular devel-
opment project. 
practicable z Requirements are formulated for a particular purpose. 
prioritised 
z 
Each requirement should be prioritised according to the 
importance of fulfilment. 
quantified 
z 
Requirements are quantifiable, if they include quantita-
tive, qualitative or comparative values. 
reasonable 
complete 
 
The entirety of requirements is reasonable complete, if 
all requirements are included in the requirements space 
so that all required product properties can be defined. 
structured 
 
Requirements are structured, if they are clearly as-
signed to the requirements documentation. 
sufficiently open 
 
Requirements are sufficiently open, if the expanded 
solution space is appropriately restricted without leav-
ing too much room for alternative solutions. 
traceable 
z 
Requirements are traceable, if stakeholders are able to 
track the change history of an arbitrary requirement at 
each point in the development process. The origin of 
the appropriate requirement is obvious. 
4. Conclusions 
This paper presents a theoretical base for qualitatively well 
formulated and documented requirements. Starting from the 
results of a systematic literature analysis, it is shown that a 
large variety of quality criteria exists for the formulation and 
documentation of requirements. Most of the quality criteria 
are synonymously used and have overlaps in their contents. 
However, some of them are even contradictory. Each quality 
criterion allows a large room for interpretation, since the few-
est ones are assigned with precise definitions. 
The paper shows a systematic, critically reflected reduction 
and ontological summary of existing quality criteria, based on 
semantic and linguistic comparisons. The quality criteria are 
differentiated according to the content and the formal structure 
of requirements. Therefore, a compacted spectrum of quality 
criteria is provided that supports developers with a differenti-
ated conceptual understanding during the formulation and 
documentation of requirements. Furthermore, by avoiding 
confusion between the entirety of all existing quality criteria, 
goal conflicts between requirements are already minimised 
during the requirement acquisition and their documentation, 
whereby the effectiveness and the efficiency of the product 
development process are significantly increased. 
In contrast to the prevailing understanding, not every quali-
ty criterion has to be completely fulfilled. There exists a bipar-
tite gradation that allows to differentiate between resource-
saving fulfilment of each individual quality criterion. 
Future work will clarify how requirements can be quantita-
tively evaluated according to the defined quality criteria to 
specify the concept of qualitatively well formulated require-
ments. 
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